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ABSTRACT 
Cogenerat ion is t h e  p roduc t ion  of e l e c t r i c a l  
and thermal  energy from a  s i n g l e  f u e l  sou rce .  I n  
comparison, e l e c t r i c  power g e n e r a t i o n  r e j e c t s  t h e  
u s e f u l  h e a t  energy i n t o  l a k e s  o r  o t h e r  h e a t  s i n k s .  
E l e c t r i c  g e n e r a t i o n  a l o n e  p rov ides  approx ima te ly  
30 pe rcen t  of i t s  prime energy f o r  u s e f u l  end-use 
energy,  wh i l e  cogene ra t ion  makes approximately  
80-85 pe rcen t  of i t s  prime energy source  a v a i l a b l e  
f o r  u s e f u l  work (F igure  A). The a p p l i c a t i o n  of  t h e  
thermal  energy i s  c r i t i c a l  t o  t h e  economic a n a l y s i s  
of a  cogene ra t ion  p r o j e c t  s i n c e  n e a r l y  two-thi rds  
of t h e  energy and economic s a v i n g s  a r e  produced by 
the  h o t  water  and /o r  exhaus t  gases .  Finding a pro- 
d u c t i v e  and economical a p p l i c a t i o n  f o r  t h e  thermal  
energy i s  extremely impor t an t .  
ELECTRIC POWER POWER 
OENERATION 
v 
t% 
OTHER 
04 % 
W*€ R 
AND 
PROCESS 
HEAT 
(For Each 
I 0 0  e r d s  
In1 
HEAT 
FIGURE A 
2% 
OTHER 
I i% 
ENME nem 
LOSSES 
H i s t o r i c a l l y ,  t he rma l  energy from cogene ra t ion  
sys tems is  p r i n c i p a l l y  used a s  h o t  water  o r  steam. 
Space c o o l i n g  by e i t h e r  a b s o r p t i o n  u n i t s  o r  a  des- 
i c c a n t  system has  added a  new dimension of u s e f u l -  
n e s s  f o r  cogenerated the rma l  energy.  Cogenerat ion 
is  now a p p l i e d  t o  l a r g e  o f f i c e  b u i l d i n g s ,  g roce ry  
s t o r e s ,  r e s t a u r a n t s ,  h o t e l s ,  s c h o o l s ,  o r  o t h e r  com- 
m e r c i a l  f a c i l i t i e s .  
While producing the rma l  ene rgy ,  t h e  cogenera- 
t i o n  system a l s o  produces e l e c t r i c i t y  (F igure  B ) .  
The e l e c t r i c i t y  produced is  used t o  reduce pur- 
chased e l e c t r i c a l  energy.  I n  many c a s e s ,  t h e  ener-  
gy t o  o p e r a t e  a  c o g e n e r a t i o n  eng ine  can be pur- 
chased a t  c o s t  s u f f i c i e n t  t o  produce e l e c t r i c i t y  
n e a r  t h e  c o s t  of purchased e l e c t r i c i t y .  The re fo re .  
a l l  t h e  the rma l  energy o r  i t s  a s s o c i a t e d  space  cool-  
i n g  i s  e s s e n t i a l l y  c o s t  f r e e .  
FIGURE B 
I n  h o t  and humid c l i m a t e s ,  bo th  a i r  c o n d i t i o n i n g  
and humidi ty  c o n t r o l  a r e  r e q u i r e d .  The the rma l  out-  
pu t  of a  cogene ra t ion  u n i t  p rov ides  t h e  h e a t  neces- 
s a r y  t o  power an  a b s o r p t i o n  c h i l l e r  and/or  a  d e s i c -  
c a n t  d e h u m i d i f i c a t i o n  sys tem.  The i n t e g r a t i o n  of 
c o g e n e r a t i o n  and s p a c e  c o o l i n g  sys tems can  be  bene- 
f i c i a l  f o r  bo th  t h e  c o g e n e r a t i o n  and a b s o r p t i o n  o r  
d e h u m i d i f i c a t i o n  equipment.  I t  can  a l s o  be f inan -  
c i a l l y  and energy s u c c e s s f u l  f o r  t h e  owner of a  co- 
g e n e r a t i o n  c o o l i n g  syotem. 
NEW MARKET FOR OLD TECHNOLOGIES 
I f  you l o o k  i n t o  t h e  h e a r t  of  some o l d e r  b u i l d -  
i n g s ,  you w i l l  f i n d  an a g i n g  mechanical  sys tem 
ready f o r  replacement  w i t h  newer,  more e f f i c i e n t  
equipment.  The 1950s  and 1960s  saw t h e  use  of  
" t o t a l  energy" o r  c o g e n e r a t i o n  f o r  l a r g e  b u i l d i n g  
complexes such a s  h o s p i t a l s  and u n i v e r s i t i e s .  The 
same t i m e  p e r i o d  a l s o  w i t n e s s e d  t h e  u s e  of  absorp-  
t i o n  c h i l l e r s  t o  p rov ide  much of t h e  b u i l d i n g s '  
s p a c e  c o o l i n g .  By t h e  1970s ,  many of  t h e s e  sys t ems  
began t o  be r e p l a c e d  w i t h  e l e c t r i c  equipment due t o  
t h e  cheap c o s t  of  purchased e l e c t r i c i t y .  Today, i n  
t h e  808, "cheap energy" does  n o t  e x i s t .  Mechanical 
equipment has  and is undergoing changes  t o  make i t  
more ene rgy  e f f i c i e n t .  
New a b s o r p t i o n  c h i l l e r s  a r e  tw ice  a s  e f f i c i e n t  
a s  t h e  o r i g i n a l  u n i t s ,  b u t  t hey  a r e  a l s o  more ex- 
pensive .  Market ing them is dependent  upon c o s t  e f -  
f i c i e n t  o p e r a t i o n  and f i n d i n g  new a p p l i c a t i o n s  f o r  
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them. Presen t ly ,  approximately 55.000 tons of new 
double e f f e c t  absorpt ion c h i l l e r / h e a t e r s  a r e  i n  
operat ion within the U.S.; 10,000 tons a r e  oper- 
a t i n g  i n  the Gulf Coast, a  hot and humid c l imate  
area.  
Cogeneration saw a  resurgence i n  t h e  e a r l y  
1980s, but i ts  growth was l imi ted  mostly t o  in- 
d u s t r i a l  p l a n t s ,  e s p e c i a l l y  the petrochemical in- 
d u s t r i e s .  Now, the  l a t e  80s a r e  see ing  smaller .  
pre-packaged, cogeneration systems being deeigned, 
marketed, and i n s t a l l e d  a t  h o s p l t a l e ,  ho te le ,  r e s t -  
auran ts ,  and o ther  commercial establishments. 
Cogeneration, t o  be economically v i a b l e ,  re- 
qu i res  the constant  use of i t s  thermal output .  
Many commercial f a c i l i t i e s  do not need l a r g e  con- 
tinuous q u a n t i t i e s  of hot water.  I n t e g r a t i n g  the 
cogenerated hot water with systems t h a t  a r e  ab le  t o  
transform t h e  hot  water energy i n t o  a i r  condition- 
ing and hea t ing  energy would not  make cogeneration 
appl icab le  t o  more types of business  but a l s o  make 
the cool ing system more marketable. 
THE THERMAL VALUE 
Two c r i t i c a l  fac ' tors  make cogeneration v iab le :  
1 )  A high d i f f e r e n t i a l  c o s t  between i h e , f u e l  f o r  
cogeneration and the  l o c a l  e l e c t r i c  r a t e ,  and 2) the 
f u l l  use of the  thermal output while supplementing 
a  por t ion  of the  e l e c t r i c a l  energy. The g r e a t e r  the 
d i f f e r e n t i a l  between the  f u e l  c o s t  and t h e  e l e c t r i c  
r a t e ,  the  more savings incurred on the  e l e c t r i c a l  
output of the  cogenerator. Fuel c o s t  is  ca lcu la ted  
a s  : 
cost/MMBTU x  f u e l  consumption i n  
MMBTU/hr. x  hours of operat ion 
E l e c t r i c a l  savings is  ca lcu la ted  a s :  
e l e c t r i c  rate/KWH x  KW output  x  hours 
of opera t ion  
I f  the  e l e c t r i c  r a t e  has a  demand charge n n d h t  a 
rachet  c lause ,  these a l s o  must be f igured i n t o  the  
e l e c t r i c  c o s t  savings ca lcu la t ion .  Demand charge 
is a  monthly charge based on t h e  maximum e l e c t r i c a l  
power used wi th in  s h o r t  time spans, genera l ly  
f i f t e e n  minutes, throughout the month. I f  100 KWs 
is  the maximum power used during only one f i f t e e n -  
minute period i n  the month and a l l  o ther  f i f t e e n -  
minute periods use 50 KWs,  the month's demand charge 
would be based on the  100 KWs and would be calcu- 
l a t e d  as :  
cost/KW x maximum KW 
A r a t c h e t  c lause  says  t h a t  the minimum monthly 
demand b i l l i n g  w i l l  be ca lcu la ted  a s  the  g r e a t e r  o f :  
1 )  the  a c t u a l  monthly demand charge, a s  above. o r  
2) a  percentage of the  maximum month's demand b i l l -  
ing over a year ly  time span. Example: I f  J u l y ' s  
demand is  100 KW and A p r i l ' s  is  40 KW, and.an 80 
percent  r a t c h e t  is i n  e f f e c t ,  then t h e  b i l l  would be 
ca lcu la ted  as: 
and not as :  
Gas r a t e s  i n  1987 genera l ly  w i l l  r e s u l t  i n  a  
f u e l  operat ion c o s t  t h a t  i s  equal  t o  o r  s l i g h t l y  
l e s s  than the e l e c t r i c a l  reduct ion savings.  On t h i s  
b a s i s ,  a l l  o ther  energy produced by cogeneration is 
"free energy1' o r  savings t o  t h e  f a c i l i t y ' s  oper- 
a t i o n .  The thermal energy from cogenerat ion ac- 
counts f o r  near ly  two-thirds of the  energy output  
and two-thirds of the  operat ion savings.  A 100 KW 
rec iproca t ing  cogeneration engine produces approxi- 
mately 195 KUs worth of hot water.  Using the  f u l l  
output  of t h e  cogenerat ion u n i t  f o r  500 hours per 
month r e s u l t s  i n  a  $3,000 e l e c t r i c  monthly c o s t  re- 
duction and m $5,850 e l e c t r i c  water hea t ing  monthly 
savings a t  $.061KWH. An $8,850 reduct ion i n  the  
e l e c t r i c  b i l l  is achieved. However, i f  f u l l  thermal 
output  can not  be used, t o t a l  savings a r e  quickly 
reduced. Assuming a  50 percent  thermal output  u t i -  
l i z a t i o n .  thermal savings become $2.925 and o v e r a l l  
savings becomes $5,925, a  33 percent  reduct ion 
(computer a n a l y s i s  p r o j e c t  s h e e t s  1 and 2 ) .  
Most commercial es tabl ishments  do not requ i re  
l a r g e  amounts of hot water and t h e r e f o r e ,  a r e  not  
prime customers f o r  cogeneration. Usually, only 
motels,  apartments, laundry f a c i l i t i e s  and h o s p i t a l s  
a r e  considered good users  of hot water and there fore  
prime cogeneration prospects .  The f i e l d  has been 
l imi ted .  Now however, with the  inc lus ion  of ab- 
s o r p t i o n  c h i l l e r s  and des iccan t  dehumidif iers ,  the  
hot water from cogenerat ion can be used t o  provide 
a i r  condit ioning.  In  hot  and/or  humid c l imates  t h i s  
is  a  major opera t iona l  advantage. 
A 100 KW cogeneration u n i t  opera t ing  6,000 
hours per year  without a  thermal requirement saves 
only $36,000 per year  a t  $.06/KWH e l e c t r i c i t y .  The 
use of t h e  thermal hot water t o  produce 35 tons  of 
absorpt ion c h i l l e r  cool ing saves an a d d i t i o n a l  
$18.000 per year. and with the  des iccan t  system 
providing 60 tons of l a t e n t  cool ing.  $32,400 i s  
saved (computer a n a l y s i s  p r o j e c t  s h e e t s  3, 4, & 5 ) .  
The use of t h e  thermal va lue  of cogenerat ion is 
v i t a l  t o  success fu l  cogenerat ion savings.  It is ap- 
proximately 66 percent  of the savings a s  wel l  a s  the 
energy produced. I f  a l l  the thermal energy is  used 
t o  replace e l e c t r i c  water hea t ing ,  t o t a l  savings a r e  
maximized; thermal load used f o r  a i r  condit ioning 
provides a  high l e v e l  of savings;  thermal energy 
used t o  rep lace  gas water hea t ing  provides nominal 
savings,  and the  non-use of thermal energy provides 
l i t t l e  t o  non e x i s t i n g  savings.  To make cogenera- 
t i o n  p r a c t i c a b l e ,  the thermal output  must be used. 
Second, i n  importance, is the  d i f f e r e n t i a l  i n  f u e l  
and e l e c t r i c  r a t e s .  A low d i f f e r e n t i a l  w i l l  reduce 
savings;  a  high d i f f e r e n t i a l  w i l l  i nc rease  savings.  
INTEGRATING THE ABSORPTION CHILLER WITH COGENERATION 
An absorp t ion  c h i l l e r  u t i l i z e s  an absorbent.  
water ,  and low pressure  t o  coo l  c i r c u l a t e d  water  t o  
a  fan c o i l  un i t .  Under low pressure ,  water  has ex- 
c e l l e n t  r e f r i g e r a t i o n  p r o p e r t i e s .  A hea t  medium is  
required t o  b o i l  off  the r e f r i g e r a n t  vapors from the 
absorbent s o l u t i o n .  This heat  may be suppled by gas 
f i r e d  b o i l e r  or .  i n  t h e  case  of cogenerat ion,  by hot 
water (Figure C). The hot  water  from the  cogenera- 
t o r  can be routed d i r e c t l y  t o  the  fan  c o i l  u n i t  f o r  
space heat ing.  A four-pipe sytem is  ab le  t o  provide 
cool ing and hea t ing  simutaneously from the cogen- 
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c h i l l e r  system. should be i n s t a l l e d  t o  p ressur ize  the l i n e  between 
ABSORPTION CHILLER/ HEATER 
HEAT ENERGIZED COOLING a HEATING SYSTEM (COOLING OPERATION) 
TO COOLIWO TOWER 
FROM COOLINI TOWER 
C 
FIGURE C 
The r a t e d  water flow and T from the  cognerator  
muot be matched with the  flow and T of the c h i l l e r .  
>inximum temperature from t h e  cogenerator  w i l l  r e s u l t  
i n  increased cool ing irom the  absorpt ion u n i t .  To 
analyze the tonnage of cool ing provides by cogene- 
ra ted  hot water: 
1. Match coge~ierat:ioli hea t  output  t o  the  heat  
input  required of tho c h i l l l r  t o  ob ta in  a  nominal 
tonnage. 
2. Calculate  the  capac i ty  f a c t o r  based on co- 
generation e x i t / c h i l l e r  e n t e r i n g  temperature. 
3. Multiply the  tonnage by t h e  capac i ty  f a c t o r  
t o  ob ta in  the a c t u a l  tonnage the cogenerat ion 
thermal load is a b l e  t o  rep lace .  
Another ana lys i s  is t o  use the  hot water flow r a t e  
and T of the  cogenerator t o  c a l c u l a t e  the  c h i l l e r  
input  hea t  energy: 
8.33 x 60 min./hr. x  T x flow r a t e  (gpm) 
The loca t ion  of the  cogenerator t o  the  c h i l l e r  
ahould be kept a s  c l o s e  a s  poss ib le  t o  reduce pump- 
ing  and thermal losses .  A closed expansion tank 
the  two u n i t s .  
Savings, using the system, a r e  average t o  good' 
-- b e t t e r  than rep lac ing  a  gas b o i l e r  OR the thermal 
load ,  but  worse than rep lac ing  e l e c t r i c  hea t ing .  
The c o s t  of t h i s  system is  apprec iab ly  hibhcr than 
o t h e r s ,  because of the  absorp t ion  c h i l l e r  c d s t ,  es- 
p e c i a l l y  the  b e t t e r  more e f f i c i e n t  double-effect  
c h i l l e r  and the water tower expense. Paybacks a r e  
about the  same a s  those where gas-f i red thermal 
loads  a r e  replaced by cogenerat ion alone.  Hovcver, 
the technology is proven; and with r e b a t e s  o r  s ig -  
n i f i c a n t  e l e c t r i c  r a t e  i n c r e a s e s ,  a  cogen-chi l ler  
system is a p r a c t i c a l  i n s t a l l a t i o n .  
INTEGRATING THE DESICCANT DEHUMIDIFIER WITH 
COGENERATION 
I n  the  Gulf Coast,  a r e a  humidity is  a s  much a 
problem a s  the  heat .  A i r  condi t ion ing  systems must 
work a s  hard dehumidifying the  a i r  a s  coo l ing  i t .  
Up t o  40 percent  of the coo l ing  load can be l a t e n t  
heat .  Rather than using a  compressor, a  des iccan t  
u n i t  uses two r o t a t i n g  "wheels" t o  remove humidity 
and hea t  f o r  a i r  condit ioning.  Because thermal ener- 
gy i s  managed through var ious  t r a n s f e r  sequences t o  
provide comfort condi t ion ing  of a i r ,  i t  can be con- 
s idered  a  thermally ac tua ted  hea t  pump. Desiccant 
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technology is  over t h i r t y  years  old with increased 
research e f f o r t s  i n  t h i s  decade. 
The h e a r t  of a  desiccant  un i t  i s  the  desiccant  
and the heat  exchanger. Intake a i r  i s  passed over 
and the desiccant  and absorbant compound, general ly  
l i th ium ch lor ide ,  which absorbs the moisture from 
out of the a i r  r e s u l t i n g  i n  hot dry a i r .  This hot 
dry a i r  is passed across  a  heat  exchanger producing 
warm dry a i r  which can then be e i t h e r  sens ib ly  cool- 
ed across  a  freon c o i l  o r  ac ross  an evaporat ive e le -  
ment t o  produce cooling. I f  heat ing is required,  
the a i r  from the  desiccant  i s  passed d i r e c t l y  i n t o  
the space t o  be heated,  bypassing the  hea t  exchanger 
and the  cool ing elements. Return a i r  picks up the  
heat from the heat  exchanger; more heat  is added a s  
necessary t o  r a i s e  i t s  temperature t o  180-19O0F., 
which then al lows the hot a i r  t o  "dry out" the  des- 
i ccan t  f o r  reuse on the i n l e t  a i r .  Providing the  
e x t r a  heat  necessary t o  the r e t u r n  a i r  f o r  drying,  
the desiccant  i s  the i n t e g r a t i o n  of cogeneration in- 
t o  the system (Figure D). 
HOT WATER 
f o r  summer; but the  desiccant  system a l s o  provides 
dehumidif icat ion,  which . i s  a  r e f r i g e r a t i o n  a r e a  
reduces def ros t ing ,  lowers e l e c t r i c a l  load,  keeps 
produce more viewable, and provides a  more comfort- 
a b l e  shopping c l imate  (Figure E). 
PCllCENl LOAD I 
/ \  - 
- RETURN- AIR DUCT 
REQENERATION COlL 
EXHAUST 
R SUPPLY DUCT 
HOT WATER HEATING COlL 
EXCHANQER WHEEL 
DESICCANT WHEEL 
OUTLET T OUTSIDE AIR INTAKE 
FIGURE D 
In the  p a s t ,  b o i l e r s  tqere used t o  provide hot 
water t o  the regenerat ion c o i l  f o r  hea t ing  the re-  
turn a i r  t o  a s u f f i c i e n t  temperature t o  dry the  des- 
i ccan t .  Cogenerated hot water is a b l e  t o  do the 
same job, e l imina te  the b o i l e r  c o s t  and i t s  associ-  
a ted  f u e l  input ,  and provide a  quant i ty  of e l e c t r i c -  
i t y  t o  reduce the  f a c i l i t y ' s  purchased e l e c t r i c a l  
power. It is  the thermal cogenerared energy though 
t h a t  provides the  t r u e  savings through the  reduct ion 
of e l e c t r i c a l  a i r  condit ioning operat ion c o s t .  This 
savings c a r b e  ca lcu la ted  by: 
1. Matching the  cogenerated thermal load t o  
the des iccan t ' s  required regenerat ion load ,  and 
reading t h e  tonnage from the  des iccan t  dehumidifi- 
e r ' s  spec shee t .  
2. This  tonnage, i f  being used with a  DX c o i l ,  
should not exceed 40 percent of the b u i l d i n g ' s  t o t a l  
load. 
In  the same way a s  e i e i n g  t h e  load on an absorpt ion 
c h i l l e r ,  c a l c u l a t i n g  the  cogenerator 's  h o t  water 
flow and AT w i l l  provide t h e  a v a i l a b l e  heat  energy 
t o  a desiccant  Unit1 and knowing the  required regen- 
e r a t i o n  load per u n i t  w i l l  determine the  number of 
u n i t s  the  cogenerator can support.  
This system. as with the absorpt ion c h i l l e r ,  is 
a b l e  t o  provide both hea t ing  f o r  winter  and cool ing  
Grocery, f a s t  food, and convenience s t o r e s  a r e  f ind-  
ing the advantages of cogen-desiccant systems very 
economical and energy saving. 
SUMMARY 
-
Cogeneration i s  on the  energy f o r e f r o n t  because 
of its energy and economic savings.  Though i t  is  
not app l icab le  everywhere, because i t  requ i res  a  
s u b s t a n t i a l  thermal load and many f a c i l i t i e s  do not 
have a  l a r g e  ho t  water o r  space hea t ing  loads  espe- 
c i a l l y  i n  t h r  southern s t a t e s ,  cogenerat ion is prac- 
t i c a l  when in tegra ted  with an absorpt ion c h i l l e r  o r  
des iccan t  dehumidifier equipment. The southern 
s t a t e s  requ i re  high cool ing load a s  wel l  a s  dehumid- 
i f i c a t i o n .  The cogeneration u n i t  is made more via- 
b l e  by the  cool ing/desiccant  equipment and the cool- 
ing/desiccant  equipment ga in ,  a  new marketing t o o l  
i n  cogeneration. This  i n t e g r a t i o n  of equipment is 
another  example of American ingenuity l ead ing  the 
way through innovat ive use of e x i s t i n g  technologies .  
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COGENERATION SCREENING ANALYSIS 
DATA PROJECT 1 
EQUIPMENT DATA: 
G e n e r a t o r  S i z e :  
R e c o v e r a b l e  Hea t :  
F u e l  C o n s u p t i o n :  
M a i n t e n a n c e  Cos t :  
H o u r s  o f  E l e c t r i c  
O p e r a t i o n :  
H o u r s  o f  T h e r m a l  
O p e r a t i o n :  
E s t i m a t e d  Cos t :  
1 0 0  KU t 
0.666 MMBN 
1.235 MCFH t 
5 1  - 0 0  per H o u r  ' 
' 
6 0 0 0  H o u r s  p e r  Y e a r  
' 
6 0 0 0  H o u r s  per Y e a r  ' 
t 
5120,000 I n s t a l l e d  
ENERGY DATA: 
Gas  Ra te :  
C o g e n  Ra te :  
E l e c t r i c  R a t e  
Demand: 
Mon ths :  
E n e r g y :  
X Gas T h e r m a l :  
X E l e c t r i c  T h e r m a l  
C h i l l e r  T o m a g e :  
C h i l l e r  E f f . :  
$3.50 p r  MCF 
53 .50  p r  MCF 
50 .00  p r  h! 
0 M o n t h 8  
50.0600 per h!H 
CFCA iwl'd.) 
0 X 
1 0 0  X 
0 T o n e  
0 W / T o n  
AVOIDED ELECTRIC ENERGY COSTS: 
DEMAND: ELECTRIC DEHAND RATE ' GENERATOR SIZE MONTHS OF OPERATION= 
50 .00  
ENERGY: ELECTRIC ENERGY RATE GENERATOR S I Z E  HOURS OF ELECTRIC 
OPERATIOW- U6 .000 .00  
AVOIDED THERMAL ENERGY COSTS: 
GAS PRCOUCED: GAS RATE ' RECOVERABLE HEAT ' HWRS OF THERMAL OPERATION= 
50 .00  
ELECTRIC HEATING: ELECTRIC ENERGY RATE ' 293 KUH/MMBH ' RECOVERABLE HEAT ' 
HOURS OF THERMAL OPERATION + ELECTRIC DAMAND RATE ' GENERATOR 
S I Z E  ' MONTHS OF OPERATION= 570,249.68 
ELECTRIC COOLING: ELECTRIC ENERGY RATE CHILLER TONS W / T M I  HOURS OF 
THERMAL OPERATION + ELECTRIC DEMAND RATE * CHILLER TONS ' 
KU/TON MONTHS OF OPERATION= SO. 0 0  
CGGENERATION COSTS: 
FUEL: 
MANITENANCE: 
COGEN RATE ' CONSUF(PTION/HWR ' HOURS OF ELECTRIC OPERATION= 
525,935.00 
MAINTENANCE COST/HOUR ' HWRS OF ELECTRIC OPERATION= 
%.000.00 
PERCENT SAVINGS => 69.94% SIMPLE PAYBACK: c=II=E=Is==P==============> 1.61 YEARS 
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COGENERATIOII SCREENING ANALYSIS 
DATA PROJECT 2 
EWIPMENT DATA: 
G e n e r a t o r  S i z e :  
R e c o v e r a b l e  Hee t :  
F u e l  C o n s u r p t  ion: 
M a i n t e n a n c e  C o s t :  
H o u r s  o f  E l e c t r i c  
O p e r a t i o n :  
H o u r s  o f  T h e r m s l  
O p e r a t  I o n :  
E s t i m a t e d  C o s t :  
WOO H o w m  per Y e a r  .I 
.I 
3 0 0 0  llwm per Y e a r  .I 
.I 
ENERGY DATA: 
Gas  Ra te :  
Cogen  R a t e :  
E l e c t r l c  R a t e  
Danand: 
Mon ths :  
Energy :  
X Gaa T h e r m a l :  
% E l e c t r i c  T h e r m a l  
C h i l l e r  T w n a g e :  
C h i l l e r  E f f . :  
$3.50 par MCF 
53.50 p r  MCF 
$0.00 par KY 
0 M o n t h s  
$0.0600 par CUH 
CFCA inclBd.) 
0 X 
1 0 0  X 
0 T o n s  
0 K W T o n  
AVOIDED ELECTRIC ENERGY COSTS: 
DEMND: ELECTRIC DEMAND RATE GENERATOR SIZE MONTHS OF OPERATION= 
$0.00 
ENERGY: E L C t t R l C  ENERGY RATE GENERATOR S I Z E  HWRS OF ELECTRIC 
OPERATION= S56,000.00 
AVOIDED THERMAL ENERGY COSTS: 
WS PRWUCED: GAS RATE RECOVERABLE HEAT HOURS OF THERMAL WERATION= 
SO. 0 0  
ELECTRIC HEATlHGI EL€CTRlC ENERGY RAlE 293 KUN/WBH RECOVERABLE HEAT 
HOURS W THERMIL OPERIIIION + ELECTRIC DAWAND RATE GENERATOR 
SIZE MOWTHS or OPERATION= S35,124.84 
ELECTRIC  LING: ELECTRIC EWERGY RAVE CHILLER TONS mrror HWRS OF 
THERMAL OPERAl lCU E tECTRIC DEMAND R I T E  CRlCLER TONS 
W I T U  llOWTHS OF OPERATIOW= $0.00 
COGENERATION WtS: 
MNITENANCE: 
COaEY R A l E  . COWStMPTlOll/lKUR HOURS OF ELECTRIC OPERATION= 
525.935 .OD 
MAINTENANCE COST1114)R UOURS OF ELECTRIC OPERATIC+ 
%,000.00 
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COGENERATION SCREENING ANALYSIS 
DATA PROJECT 3 
EPUIPUENT DATA: 
G e n e r a t o r  S i z e :  
R e c o v e r a b l e  Heat:  
F u e l  C o n s w r p t  i o n :  
U a i n t e n a n c e  Cos t :  
H o u r s  o f  E l e c t r i c  
O p e r a t i o n :  
H o u r s  o f  T h e r m a l  
O p e r a t i o n :  
E s t i m a t e d  C o s t :  
1 0 0  KU 
0.666 UMBH 
1.235 HCFH 
$1 .OO p e r  H o u r  
6 0 0 0  H w r s  per Y e a r  
0 H o u r s  p e r  Y e a r  
$120.000 I n s t e l l e d  
ENERGY DATA: 
Gas  R a t e :  
C o g e n  R a t e :  
E l e c t r i c  R a t e  
Demand: 
Mon ths :  
E n e r g y :  
X Gas T h e r m a l :  
X E l e c t r i c  T h e r m a l  
C h i l l e r  Tonnage: 
C h i l l e r  E f f . :  
$3.50 p e r  UCF 
$3.50 p e r  UCF 
$0.00 p e r  KU 
0 U o n t h s  
$0.0600 p e r  KUH 
CFCA i n c l ' d . )  
0 X 
1 0 0  X 
0 T o n s  
0 KU/Ton 
AVOIDED ELECTRIC ENERGY COSTS: 
DEMAND : ELECTRIC DEUAND RATE GENERATOR SIZE UONTHS OF OPERATION= 
$0.00 
ENERGY: ELECTRIC ENERGY RATE ' GENERATOR SIZE HWRS OF ELECTRIC 
OPERATION= $36,000.00 
AVOIDED THERUAL ENERGY COSTS: 
GAS PRODUCED: GAS RATE RECOVERABLE HEAT HWRS OF THERUAL OPERATION= 
$0.00 
ELECTRIC HEATING: ELECTRIC ENERGY RATE 293 KUH/IMBH ' RECOVERABLE HEAT 
HUJRS OF THERUAL OPERATION + ELECTRIC DAUAND RATE GENERATOR 
S I Z E  MONTHS OF OPERATION= $0.00 
ELECTRIC COOLING: ELECTRIC ENERGY RATE CHILLER TONS ' KU/TON HWRS OF 
THERUAL OPERATION ELECTRIC DEMAND RATE CHILLER TONS 
KU/TON UONTHS OF OPERATION= $0.00 
COGENERATION COSTS: 
FUEL : 
UANITENANCE: 
COGEN RATE CONSUUPTION/HWR HWRS OF ELECTRIC OPERATION= 
S25.935.00 
MINTENANCE COST/HWR ' HWRS OF ELECTRIC OPERATION- 
%,000.00 
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COGENERATION SCREENING ANALYSIS 
DATA PROJECT 5 
AVOIDED ELECTRIC ENERGY COSTS: 
DEMAND: ELECTRIC DEMAND RATE * GENERATOR SIZE Ir MONTHS OF OPERATION- 
so. 00 
ENERGY: ELECTRIC ENERGY RATE * GENERATOR S I Z E  ' H W R S  OF ELECTRIC 
OPERATION= t 3 6 . 0 0 . 0 0  
AVOIDED THERMAL ENERGY COSTS: 
GAS PROOUCED: GAS RATE RECOVERABLE HEAT HOURS OF THERMAL OPERATION= 
so. 0 0  
ELECTRIC HEATING: ELECTRIC ENERGY RATE * 2 9 3  KUHIMMBH * RECOVERABLE HEAT 
HWRS OF THERMAL OPERATION ELECTRIC DAMAND RATE * GENERATOR 
S I Z E  MONTHS OF OPERATION= $0.00 
ELECTRIC COOLING: ELECTRIC ENERGY RATE Ir CHILLER TOWS KU/TON HOURS OF 
THERMAL OPERATION ELECTRIC DEMAND RATE CHILLER TONS Ir 
KUITOW MONTHS OF OPERATION= S32.400.00 
COGENERATION COSTS: 
FUEL: COGEN RATE ' CONSUMPTIONIHWR ' HWRS OF ELECTRIC OPERATION= 
s25.935.00 
MANITENANCE: MINTENANCE COST/HQIR * HOURS OF ELECTRIC OPERATIO)(= 
S6.000.00 
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